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The effects of laser texturing technology on the tribological performance of tapered roller bearings in terms of 
fatigue life, friction, and wear are studied for the first time. The influence of diameter, height and density of the 
circular-shaped dimples is thoroughly analyzed, first on flat samples, and the most encouraging results are 
upscaled to components. This research demonstrates the advantages that surface texturing can bring to the most 
demanding applications involving rolling surfaces under lubrication regime. The experiments show a torque 
reduction up to 18% and very promising results in fatigue life tests. 


1. Introduction 


It is well known that textured surfaces can improve tribological 
properties such as friction and wear resistance on different mechanical 
engineering systems. The texturing patterns serve either as a hydrody- 
namic micro-bearing in cases of full or mixed lubrication, a micro- 
reservoir for lubricant under starved lubrication conditions, or a 
micro-trap for wear debris in either lubricated or dry sliding [1-6]. 

The behavior of textured surfaces under specific contact and lubri- 
cation conditions has already been investigated by other researchers. 
However, their effects differ considerably depending on whether 
conformal or non-conformal contact is considered. Moreover, the 
applied lubrication regime has a great influence on the results and can 
affect the tribological contribution depending on whether it is working 
under a full film, mixed, or boundary lubrication system, as summarized 
by C. Gachot et al. in their review [2]. 

It is striking that, despite there are many investigations, both theo- 
retical and experimental, that have studied surface texturing on journal 
and thrust bearings using conformal contact [1,5,7—11], research about 
the influence that such surface treatment can offer under non-conformal 
contact is rather limited. Even in some cases, the results reported yield to 
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contradictory conclusions [6,12-17]. 

On the other hand, the bearing market continuously demands more 
and more efficient and reliable long-life products, featuring longer life to 
prevent premature failures such as rolling contact fatigue (RCF) [18,19] 
and white etching cracks/areas (WEC/WEA), the origin of which still 
remains under debate [20-23]. Bearing manufacturers are looking into 
different solutions to address these high-demanding requirements and 
achieve a novel solution against those failures. It is well known that 
lubrication plays a key role in premature failure of bearings. In fact, 
more than 80% of failures come from lubrication issues. When an 
inadequate lubrication occurs, it is not enough to separate the asperities 
between both rolling surfaces (roller elements and raceways), and the 
plastic deformation damage take place by subsequent crack initiation, 
growing up into spalls. 

Over the years, various surface engineering technologies have been 
proposed, such as coatings, chemical surface modification (e.g., black 
oxide coating, BOC) or geometrical designs to optimize rolling contact 
[24-26]. An alternative route for improving the tribological perfor- 
mance of rolling surfaces is the application of textured patterns [12, 
27-29]. More than two thirds of all experimental work for dimple pro- 
duction use laser surface texturing technology because of the 
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Fig. 1. Scheme of inner ring-roller contact of a standard TRB. Rolling contact 
surfaces are marked in yellow and the sliding contact is marked in red. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 


manufacturing strengths of such technology. Briefly, these are the force- 
and contact-free machining, the geometrical and energetic scalability of 
the laser beam as a tool, the high degree of automation and control, and 
the almost unlimited spectrum of materials that can be machined 
[30-32]. 

The discussion on the optimal texture parameters such as shape, 
surface density or feature size, and the respective effectiveness 
depending on the contact typology and application is still ongoing [2, 
33-36]. Moreover, for the specific case of bearings, not only is important 
to define the tribological features and load capacities, but also the 
processability and scalability properties are mandatory to be fulfilled. In 
this sense, to our knowledge, there is no research that has succeeded in 
extending the results obtained in laboratory conditions to tapered roller 
bearings (TRBs). 

In order to shed some light on this issue, the present study aims at 
evaluating the effects and influence of different laser texturing designs, 
in terms of dimple diameter, aspect ratio and surface density, on friction 
and fatigue life under high load conditions. It must be highlighted that 
the novelty of this research lies in the fact that, not only have laboratory- 
scale tribological analyses been performed, but also TRBs have been 
tested under high load conditions to reproduce the closest environment 
to the real field application. Hence, the main work has been focused on 
the upscale part. 


2. Materials and methods 
2.1. Sample preparation 


The base material for all samples was 100Cr6 steel grade, which is 
most used steel in bearings (properties of this steel can be checked on 
ISO 683-17). The samples were hardened to achieve the suitable ma- 
terial properties, namely: martensitic matrix-based structure with un- 
dissolved and precipitated carbides homogenously distributed and with 
hardness in the 59-63 HRc range. 

For laboratory experiments, 50- and 24-mm diameter flat discs were 
used, while for the upscaling tests, standard medium size TRBs (130 mm 
outer diameter) were selected. Fig. 1 shows a schematic representation 
of a typical TRB inner ring and roller, detailing the different contact 
surfaces of each one. Laser texturing was applied on the inner ring 
raceway, which is the most stressed part of the bearing. All flat discs and 
TRBs were provided (manufactured) by Fersa (Zaragoza, Spain), having 
the same material quality (steel and heat treatment) and following a 
similar processing method than that considered for the manufacturing of 
the flat discs (grinding and superfinishing, Ra ~0,12 um, in general) to 
get comparable results on both, laboratory and finished samples. 
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Fig. 2. (a) Picture of the laser ablation module. The laser beam envelope was 
temporarily removed to show the beam path. (b) Kinematics of the laser 
structuring system. Blue arrows indicate the axes of the machine center, red 
arrows the axes of the laser module. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the Web version of 
this article.) 


2.2. Laser texturing process & design 


Discs and inner ring raceways surface textures were manufactured at 
Fraunhofer IPT (Aachen, Germany) by ultra-short pulsed laser ablation 
using a diode-pumped mode-locked Nd:YVOy, laser. The laser source 
emits radiation with a wavelength of 1064 nm and is frequency-doubled 
at a wavelength of 532 nm by a non-linear crystal, providing high- 
energy pulses up to 30 pJ with a pulse length of 8,6 ps. 

The laser texturing system, displayed in Fig. 2, is based on a five-axis 
machining center. The spindle for machining was replaced by a laser 
module. A laser scanner was used for lateral beam deflection, consisting 
of two orthogonally arranged mirrors that can be adjusted by galvo 
drives. To avoid optical errors when changing the focus position while 
simultaneously increasing the distance between the optical axis and the 
laser spot, a telecentric f-theta lens was used. This lens ensures that the 
laser beam in the processing area is always perpendicular to the material 
surface. It is also possible to change the focus position in the z-axis by 
dynamic beam expansion. This is particularly necessary for structuring 
the inner and outer ring raceways. 

For this system, suitable process parameters and strategies were 
determined to introduce the required textures with the proper quality 
into the 100Cr6 specimens. The specifications allowed only minimal 
deviations in the depth and shape of the texturing features (dimples) and 
in the distance between them. Thus, the following process parameters 
were varied: (i) laser focus movement pattern (meandering, circular or 
helix), (ii) path distance (hatch), (iii) marking speed, (iv) laser power 
and (v) pulse rate. The DoE-based parameter study showed that the best 
approximation to the optimal dimple geometry is achieved by moving 
the laser focus in concentric circles with a distance of 10 pm, a pulse 
frequency of f = 400 kHz, an average laser power of P = 0,8 W anda 
marking speed of v = 350 mm/s at a beam radius of wọ = 7 pm. This 
corresponds to a peak fluence of 0,026 J/ cm? according to equation (1). 
These process parameters were used to produce the textures on the 
laboratory specimens an on the inner ring raceways. 


2eP 


Fy = 
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a) 

On the other hand, no thermal damage was admissible. In this sense, 
the heat diffusion time of 100Cr6 is longer than the pulse interaction 
time of this laser source. This causes the material to ablate almost 
immediately before heat conduction can take place (known as “cold 
ablation”), enabling the production of high-quality structures without 
thermally affecting the surrounding material [30]. 

For the dimple designs, the diameter, height, and density were var- 
ied. The dimple diameter was intended to be smaller than the contact 
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Fig. 4. Dimple morphology study of (a) texture A, (b) texture B and (c) texture D. Black arrows mark the transition radius of each configuration. 


surface (see Fig. 3), based on Hertzian-contact modeling calculations 
(dimple diameter < 2a) [12,37,38]. Especial attention was paid to the 
“aspect ratio”, defined as the height/diameter coefficient, which is 
translated into a specific transition radius from the edge to the bottom of 
the dimple (see Fig. 4). An appropriate aspect ratio can (i) reduce the 
risk of premature failure on this area caused by high stress concentra- 
tion, and (ii) avoid a topographical defect caused by remelting areas, 
which would also considerably reduce the bearing’s life. Thus, Table 1 
lists the geometrical parameters of the different dimples tested. Dimple 
diameters from 40 to 300 um, heights from 4 to 30 pm and densities from 
10% to 20%, approximately, were probed based on the parameters 
found in the literature [2,12,13]. A staggered arrangement was used in 
all the cases. Additionally, to evaluate the effect of roughness on the 


tribological performance at laboratory scale, pattern designs identified 
as E and F were also textured on flat samples with Ra much lower than 
the reference (0,05 vs 0,12 um). 

All the texture patterns of the laboratory samples were measured 
with an Alicona Infinite Focus G5 3D optical measuring instrument for 
tolerances in the sub-micron range, whose measuring principle is based 
on focus variation. It is used for high-resolution measurements of shape 
and roughness of a wide variety of components with a vertical resolution 
of 10 nm. The shape and depth of the individual dimples were measured 
with 100x magnification. The standard deviation was determined by 5 
measurements each. 

The transition radius from edge to bottom, shape accuracy and 
absence of remelting areas were analyzed to validate the laser process 
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Table 1 
Texturing patterns evaluated at laboratory scale and upscaled (indicated as V). 
@ states for diameter and h for height. 


Pattern Dimple Dimple Aspect Density Ra Upscaling 
design Ø (um) h (pm) ratio (%) (mm) 
(h/®) 

Untextured na Na na Na 0,12 v 
0,04 

A 40 4 0,1 17 0,12 v 
0,04 

B 150 ri 0,05 10 0,12 v 
0,04 

Cc 150 7 0,05 17 0,12 
0,04 

D 150 I5 0,1 10 0,12 v 
0,04 

E 150 15 0,1 17 0,12 v 
0,04 

Untextured’ Na Na na Na 0,05 
0,01 

E 150 15 0,1 17 0,05 
0,01 

F 300 30 0,1 17 0,05 ve 
0,01 


* Up-scaling sample with Ra ~0,12 pm. 


Table 2 
Nominal and actual dimple dimensions. 


Pattern Nominal Dimple Dimensions Measured Dimple Dimensions 

Ø(um) h (pm) Ø (um) O(std) h(ym)  h (std) 
A 40 4 38,228 0,838 4087 0,189 
B 150 7 148,05 2604 6825 0,285 
D 150 15 149,048 1762 14,044 0,534 


parameters. Fig. 4 shows representative examples and Table 2 shows the 
results, with detailed information, of the geometrical parameters 
measured. In all the cases, similar values to the nominal ones were ob- 
tained and no remelting areas were detected in any case. It is important 
to note the different transition radius achieved: the greater dimple 
diameter and the lower height, the greater radius. 


2.3. Testing parameters 


2.3.1. Laboratory scale 
Tribological laboratory tests were carried out at Tekniker technology 
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center (Eibar, Spain) using a ball-on-disc unidirectional SRV-3 trib- 
ometer from Optimol Instruments under lubrication regime on both, 
textured and untextured surfaces (see Fig. 5). 

This test method consists of a 10 mm-ball upper specimen 
(martensitic 100Cr6, Ra = 0,025 pm) that slides against a flat lower 
specimen in a linear, back and forth sliding motion, under the prescribed 
set of conditions displayed in Table 3, so that the best approach between 
laboratory and test bench conditions is achieved. Load is applied 
downward through the ball against the flat sample mounted on a 
reciprocating drive. In the case of the Testing Conditions I, load was 
sequentially applied in 50 N steps at a constant speed, considering a time 
range of 5 min per load condition. In the case of the Testing Conditions 
II, three different speed values at constant load were applied, consid- 
ering a time range of 15 min per speed condition. Two tests per condi- 
tion were performed. The lubricant used was Oil Gear Lube 80W90 GL-5, 
which is typically employed in transmission applications. Wear tracks 
and damage on flat specimens were evaluated by optical and confocal 
microscopy (Sensofar S-Neox) after the end of the tests. 


2.3.2. Upscale parameters 

The laboratory upscaling experiments, consisting each of two bear- 
ings per Set, are aimed at quantifying the frictional torque and wear 
resistance of the final prototypes. They were designed based on friction 
torque and fatigue specifications and were carried out in Fersa Head- 
quarter R&D center (Zaragoza, Spain). 

The AX-180 TT test rig, schematized in Fig. 6, was used to measure 
the frictional torque of the bearings at low speed. Two bearings are 
assembled on a shaft, where the inner rings rotate and the outer rings are 
fixed. Precise control of the test bench parameters, i.e., rotational speed 
and load in axial direction, ensures maximum accuracy and repeat- 
ability of the results. The main parts of the machine comprise a servo- 
motor (1), a torque cell (2), a test head in which the shaft (5) with two 
bearings (4) are situated and a pneumatic force cylinder (8). 

Torque to rotate (TTR) and low-speed Stribeck tests specifications 
were selected to quantify the benefits of the technology in terms of 
friction reduction under different loads and speeds, respectively. 
Bearing lubrication is constrained to a thin oil film thickness, isolating 
the contribution of the parasitic losses from the final torque values. The 
experiment parameters are detailed in Table 4. 

The C-220 test rig was used for fatigue strength and high-speed 


Table 3 

Testing parameters for laboratory scale experiments. 
Test Condition I 0 
Load (N) 10-300 50 
Time (min) 10 10 
Sliding distance (mm) 4 4 
Frequency (Hz) 3 3,5, 30 
Speed (mm/s) 24 24, 40, 240 
Temperature (°C) 80 80 
Lubricant Oil Oil 


Ball 


ae (100Cr6_Martensitic) 


Surface solution 


Substrate (100Cr6 


Fig. 5. Picture (left) and scheme (right) of the ball-on-disc configuration. 
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Fig. 6. Schematic picture of Test rig AX-180 TT. 


Table 4 
Summary of experiment parameters. 
Test Torque to Rotate Stribeck Low- Stribeck High- 
Parameter Speed Speed 
Axial load 10 steps from 1,5 to 8 10 
(kN) 15 
Speed (rpm) 30 ramp 0 to 200 ramp 0 to 2000 
N° of samples 12 12 12 
Table 5 
Life durability set-up conditions. 
Test Parameter Output 
Axial load (N) 71280 
Speed (rpm) 2200 
Operating temperature (°C) 82 
N° of samples 12 


Target (baseline B10) 
Min. suspension point 


No bearing damage after 650 h 
972 h to realize R90C90 requirement 


friction torque tests. The bench configuration and its function are 
equivalent to the description above, also equipped with an oil circu- 
lating system and allows applying high speeds and loads. Both test 
procedures were applied to the best configuration resulting from the 
friction torque data gathered under low-speed experiments and same 
type of lubricant was used for these experiments (Gear Lube 80W90 GL- 
5). The test parameters determined are shown in Table 5. 

Wear of the inner ring patterned surface after the upscale experi- 
ments was characterized by optical and confocal microscopy (Sensofar 
S-Neox). 


3. Results & discussion 
3.1. Laboratory scale 


Fig. 7(a) and (b) show the average friction coefficient corresponding 
to the pattern designs identified in Table 1 under the test conditions 
described in Table 3. For loads <200 N and low speed (24 mm/s), none 
of the pattern designs offers better tribological performance compared 
to the untextured reference. In contrast, for loads >200 N, all the 
textured samples, except texture B, reached lower friction coefficient 
values than those registered for the untextured reference. Interestingly, 
this pattern design corresponds to that with the smallest aspect ratio. 
According to the results in Fig. 7(a), pattern designs D and E present a 
slightly better tribological performance in the whole load range 
compared with the untextured reference. In fact, the friction coefficient 


is reduced up to 15% respect to the untextured sample in the case of 
texture D at 300 N. Tested surfaces are subjected to a shear stress 
increment, minimizing the lubrication condition of the experiment at 
high loads, where the oil film thickness does not certainly break down. 
Nevertheless, an accelerated loss is evidenced in the untextured per- 
formance against textured versions, bringing out the advantages under 
starved conditions that texturing surfaces provide acting as oil reser- 
voirs: micro-oil reservoirs supplying oil by smearing action [39,40]. The 
results presented in Fig. 7 (b) confirmed the lack of a clear benefit 
derived from the use of a texture pattern, considering laboratory scale 
tests, in the tribological response for low load values (50 N) and different 
speeds. Hence, despite of the tribological constrains that the sliding 
contact could induce on textured surfaces, it is settled that test results 
are not conclusive. However, the analysis of the friction coefficient ob- 
tained for pattern designs D and E under these conditions shows a 
slightly better tribological performance. 

The influence of the surface roughness on the friction and its effect 
on bearings parts has been thoroughly investigated before [41]. How- 
ever, it is also known the effect that very low surface roughness can 
produce on fatigue life in bearings working under EHL lubrication. The 
surface roughness itself on a bearing track (crest and valley) acts as 
micro-lubricant reservoirs, so the lack of these asperities worsens the 
lubrication between counter bodies and may cause a possible premature 
failure. Therefore, with the iteration shown in Fig. 7(c) the effect of extra 
polished textured surfaces on the tribological properties (friction coef- 
ficient and wear) was also analyzed. The friction coefficient of patterns 
E’ and F was measured adopting the testing conditions identified as I in 
Table 3. The friction coefficient is reduced by lowering the roughness, as 
expected. Textures F and E’ show similar behavior despite the difference 
in the diameter of both pattern designs (150 um versus 300 pm). How- 
ever, the untextured sample offers better performance than textured 
samples, in contrast to the results obtained with Ra ~0,12 um (Fig. 7(a)). 

A topographic characterization of the textures D, E, E’and F, as 
representative samples, after tribological test at variable load (test 
condition I) is represented in Fig. 8 and compared to untextured sam- 
ples. Negligible differences in the wear rate are found between both 
configurations, however, considering textured samples, texture E shows 
a slightly better behavior on both surface roughness configurations. 
Since no better results are obtained with relative low roughness, it was 
discarded for the upscale tests. 


3.2. Upscale 


3.2.1. Friction upscale test 

Fig. 9 shows the low-speed friction torque results (test conditions in 
Table 4). The load-dependent friction torque values are represented in 
Fig. 9(a). An equivalent diagnosis to the laboratory scale results is 
drawn, including the particular case of the textures B and D. Even the 
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Fig. 7. Friction coefficient (a) under different load and same speed and (b) under static load and variable speed, both with Ra ~0,12 um. (c) Friction coefficient 
under different load and same speed for low roughness test samples (Ra ~0,05 um). The test conditions are in Table 3. 


texture D features a torque reduction of 8% at high loads (15 kN). On the 
other hand, in Fig. 9(b) the speed-dependent data with static load 
(Stribeck curve) is plotted. A similar behavior is observed at low speeds, 
where the dominant-torque feature is the sliding effect in the rib-roller 
end contact area (see Fig. 1). As speed increases, the resistance distri- 
bution is balanced between the rib-roller end contact and the textured 
raceway-roller area, thus contributing to observe the benefits of the 
technology. This fact is more clearly observed in the trend of the texture 
D after torque stabilization in the 30-50 rpm range (see insert in Fig. 9 
(b)), and reaching up to 18% torque reduction, followed by textures E 
and F with 12% and 5% improvement, respectively (see Fig. 9(c)). 

The direct comparative study of the low-speed performance with the 
specimens tested in Tekniker laboratory, results in non-correlated data. 
This deviation is explained by the tribological differences between both 
types of experiments, i.e., the laboratory and the real components, 
which induce a dissimilar sample reaction under rolling contact. Torque 
reduction under low-speed procedures can be attributed to the theo- 
retical contribution of micro-dimples, acting as an oil reservoir under 
mixed and/or boundary lubrication regimen [12,40]. 

Considering the interpretation above of test data obtained in finished 
samples, it can be concluded that the benefits of textured samples at low 
speeds are proved, especially in a specific texture configuration, texture 
D, which provides the best performance, not only under variable load 
conditions, as it was evidenced on laboratory scale experiments, but also 
under variable speed. 

The comparative torque response at a load of 8 kN in TRB was further 
investigated regarding the influence offered by the different texturing 
designs. In this sense, Fig. 10(a) shows the influence of dimple density, 
obtaining the best response at 10% (already observed by other authors 
[2,15], which cited that high dimple occupancy ratios (high density) 
produce greater abrasive wear on the counter-body part. Fig. 10(b) 
depicts the influence of dimple diameter, noting that the most suitable 
configuration is 150 mm diameter. The dimple diameter is directly 
related to the surface contact area, defined as 2a, based on Herztian 
contact theory. The geometric contact in TRB raceway becomes “rec- 
tangular-shaped”, a simplified geometry for ideal Hertz theory, when an 


axial load condition is applied. Accordingly, the diameter of the smallest 
dimples could not be enough to encourage the texturing benefit (extra 
lubrication needed). In contrast, the largest diameter, closer to 2a, could 
drastically reduce the number of dimples comprised in the effective 
contact area (see Fig. 3(b)), which might not guarantee the formation of 
an adequate lubrication film. On the other hand, Fig. 10(c) shows the 
effect of dimple height (note that height is the only parameter that 
varies, from 7 to 15 pm). The lower height, the worse tribological 
behavior, not only in upscale studies but also at laboratory scale. It is 
striking the great influence that height can have on the micro-texture. 
There are different authors that evidence the high impact of this 
feature in the texturing design, which directly affects to the aspect ratio 
parameter, being the most suitable value between 0,10 and 0,15 [2]. 
With an aspect ratio <0,10, the transition radius (see Fig. 4) is more 
pronounced and affects the lubrication replenishment from the dimples 
to the surface, leading to fluid cavitation. 

The results from the high-speed frictional torque tests performed on 
the most promising scenario, i.e., texture D, are represented in Fig. 11. 
The Stribeck curves show a speed-dependent torque reduction 
throughout all-lubrication regimes from 0 to 2000 rpm. This result 
demonstrates the evidence of the exponential trend observed during the 
low-speed range (0-200 rpm), widening the torque reduction differen- 
tial between the textured and non-textured configurations. The stability 
and repeatability of the test data provide a degree of confidence about 
the conclusions described, even with the limited sample population 
which could be tested. The average percentage of improvement ach- 
ieved by texture D versus untextured samples is around 18% in torque 
reduction. 

The speed-torque reduction relationship is a remarkable lesson 
learned for the prospective use of the technology on final applications, 
especially for those that eventually operate under starved conditions at 
high speeds. 


3.2.2. Fatigue upscale test 
Bearing fatigue ratings need to be validated by accelerated testing 
through a reliable experiments design by using the maximum likelihood 
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Fig. 8. Representative 3D topography and linear wear profile after tribological test at variable load for representative textured & untextured samples. 


estimation method with enough sample size and operating hours to fulfil 
the R90C90 requirement, i.e., 90% reliability with 90% confidence. The 
Weibull analysis built taking the baseline life test data background 
resulted in B10 empirical life of 650 h. 

Thus, fatigue tests were performed on a sample population of two 
sets (Set 1 and Set 2 in figures below) processed with texture D. The 
results were statistically treated in interrupted (Set 1) and failed (Set 2) 
data for suspended and damaged tested samples, respectively. Despite 
controversial opinions on the effects that textured surfaces can produce 
on RCF, our results under clean and properly lubricated conditions 
showed that texture D not only increases the life span, but it also en- 
hances the wear resistance capability compared with the untextured 
design, as shown in Fig. 12(a). On the other hand, Fig. 12(b) shows the 
failure modes obtained after running the second set of samples, where 
axial cracks produced in the outer ring raceway are considered the 
primary damage. The initial spalling area found in textured inner ring 
raceway is a secondary failure that may be due to hard particles arising 
from the advanced damage of outer ring. It must be highlighted that the 
failure was shifted to the counter-part, the outer ring raceway, rather 
than the most demanding zone based on the bearing load distribution 
and maximum contact pressures, which are located in the inner ring 


raceway. This evidence could validate the theory that some authors have 
previously exposed about the effects that surface texturing can produce 
on a lubricated high-pressure contact, resulting in increased wear on the 
counter-bodies, even under conditions where a thick lubricant film 
emerges [17]. 

Trying to shed further conclusions, Fig. 13 shows a comparison of the 
dimple morphology of texture D before and after fatigue life tests. It can 
be seen that the appearance of the texture remains almost unaltered, and 
only slight differences on the dimple feature, width, and height, are 
discerned due to the small wear originated after the fatigue test. 

On the other hand, in Fig. 14 the functionality of dimples acting as 
debris particle traps is demonstrated. In this topographic analysis of 
texture D, Set 2, debris particles retained on the dimples area are clearly 
visible. These debris particles can become entrained into the contacts of 
bearings causing damage to the surfaces and in turn, leading to rolling 
contact fatigue failure or material loss by three body abrasion. There- 
fore, it can be said that this surface treatment can enhance the bearing 
life under contaminated environments. 
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Fig. 9. (a) Torque to rotate and (b) Stribeck curves. Panel (c) shows a summary of the torque response vs. texture design at 8 kN. 
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Fig. 10. Dimple design vs. torque response: (a) density, (b) dimple diameter and (c) aspect ratio at 8 kN. 


4. Conclusions 


to achieve the better tribological response and to evaluate the effects 
that textured surfaces provide under rolling contact fatigue on actual 

In this research, the behavior of different texture patterns on 100Cr6- tapered roller bearings. 
steel flat samples and final service bearings has been investigated. 
Features such as dimple diameter, height and density have been varied 
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Fig. 11. High-speed friction test on texture D, 3 different sets were tested to 
verify the behavior and study the reproducibility of the results between 
different samples. 


e Textures have been successfully manufactured on different samples, 
namely: laboratory specimens and manufactured finished bearings 
(inner ring raceway in tapered roller bearings). The texturing sur- 
faces have been obtained by ultra-short pulse laser process, proving 
that such a technique is a suitable method to produce textures with 
the required quality and without inducing thermal damage in 
100Cr6 steel. 

Though laboratory experiments are necessary for fundamental 
research and to find out tendencies, there are significant differences 
between sliding and rolling contact in tribological performances, 
making it difficult to compare both scales. 
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Dimple design (height, diameter, and density) has been proved to 
affect final tribological performance, with height being the most 
critical feature: the lower height the better. 

e The 150 um dimple diameter, 0,1 aspect ratio and 10% density, 
offered the best tribological performance, showing a ~18% torque 
reduction in variable low-speed test, and ~8% in torque to rotate test 
(variable load), relative to untextured surfaces. 

e A~18% improvement in high-speed friction tests has been observed 

in the optimal configuration compared to the untextured finish 

product. 

Promising behavior has been observed in fatigue life performances, 

yielding improved life under highly-demanded test conditions. The 

dimples not only act as lubrication reservoirs, but also as debris 
particles traps. 


Therefore, these preliminary results indicate that textured surfaces, 
with proper design, can indeed enhance the tribological and load per- 
formance of tapered roller bearings. It is worth noting the large amount 
of time and money required for the experiments in question, hence the 
sample population is rather limited. Further work is needed to increase 
the statistical data to validate this hypothesis on the basis of reliability 
demonstration methods. 

Taking into account the results obtained on finished samples, it 
would be very interesting to extend the research, not only on medium- 
size, but also on large-size bearings, which seems to be the most 
promising scenario. The next steps should be oriented to test the 
improvement that texturing can grant under boundary lubrication 
regimen and harsh conditions. Moreover, it is interesting to explore the 
enhancement that this technology can bring to wind turbine gearbox 
bearings, where the working conditions encourage the surface smearing 
because the lubricant film is not plenty replenished, and check whether 
this solution could help prevent the formation of white etching cracks. 
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